This study investigated the relation of the fungiform taste papillae density and saliva composition with the taste perception of patients suffering from diagnosed taste disorders. For this purpose, 81 patients and 40 healthy subjects were included. Taste was measured by means of regional and whole mouth chemosensory tests, and electrogustometry. Olfaction was assessed using the Sniffin Sticks. Fungiform papillae were quantified using the "Denver Papillae Protocol for Objective Analysis of Fungiform Papillae" . In addition, salivary parameters [flow rate, total proteins, catalase, total anti-oxidative capacity (TAC), carbonic anhydrase VI (caVI), and pH] were determined and the Beck Depression Inventory was administered. Patients showed less taste papillae compared to healthy subjects. The number of papillae correlated with total taste strip score and salivary flow rate. Regarding salivary parameters, the flow rate, protein concentration, and TAC of patients were higher compared to controls. In addition, salivary flow rate, protease, caVI, and catalase values correlated with the summed taste strip score. Regarding various taste disorders, salty-dysgeusia patients showed the lowest taste test scores compared to those with bitter or metal-dysgeusia. Olfactory function of patients was significantly worse compared to healthy controls. This difference was most pronounced for ageusia patients. Compared to controls, patients also exhibited higher depressive symptoms. The density of fungiform papillae seemed to be positively associated with taste perception. Furthermore, patients exhibited changes in saliva composition (higher salivary flow rate, increased protein concentration, proteolysis, and TAC) compared to controls indicating that assessment of saliva may be critical for the diagnostic procedure in taste disorders.
Introduction
Gustatory disorders, especially severe taste loss such as complete ageusia and severe generalized hypogeusia are with 0.1-0.85% affected individuals quite rare compared to 32% who are affected from profound olfactory disorders (Deems et al. 1991; Pribitkin et al. 2003; Welge-Lüssen et al. 2011) . However, depending on definition-hypogeusia affects up to 20% of the population (Khil et al. 2015) . Gustatory dysfunctions can lead to severe health risks, e.g. malnutrition or impaired immunity (Bromley 2000) . Furthermore, taste disorders may also affect the quality of life (NIDCD 2009) .
Important structures for the reception and processing of tastants are the taste buds, which are bundled in the taste papillae and primarily located in the oral cavity on the tongue, palate, and larynx. One taste bud contains about 50-100 taste cells (Porter et al. 2010) , which receive tastants from the apical pore to process and forward the taste signal via nerves (Iwatsuki and Uneyama 2012) towards the gustatory area of the cortex (Porter et al. 2010) .
A correlation between the number of papillae and taste intensity was demonstrated in several studies (Smith 1971; Miller and Reedy 1990; Bartoshuk et al. 1994; Just et al. 2006) . Research indicated that taste sensitivity is furthermore influenced by the stimulation area, concentration of the tastant (Smith 1971) , and saliva characteristics. This is not surprising, as after being released from the food matrix, tastants are dissolved in the saliva and transported towards the taste papillae (Foster et al. 2011) . During the mastication process of food, salivary flow is increased in order to moisten and bind the chewed food particles into a bolus to facilitate swallowing (for review see Pedersen et al. 2002; Pereira et al. 2016) . Furthermore, saliva takes part in the maintenance of taste-sensing cells (Fábián et al. 2015) . Hence it is not surprising, that taste perception can be disturbed by alterations in salivary flow (Matsuo et al. 1997) or its chemical composition (Field et al. 1997) . It has been shown, that a lower salivary pH is associated with a decrease of sweet perception (Matsuo and Yamamoto 1992) . Furthermore, the buffering capacity of saliva seems to be involved in the sensation of sour taste (Lugaz et al. 2005) .
In addition, salivary enzymes, e.g. carboanhydrase VI (caVI) (=gustin) have been demonstrated to be linked to bitter taste perception (Shatzman and Henkin 1981; Patrikainen et al. 2014) . CaVI influences growth, development and apoptosis of the taste papillae (Melis et al. 2013) . Research has shown that deficiency in caVI was found in both olfactory and gustatory dysfunction, and was accompanied by severe taste bud morphological abnormalities (Henken et al. 1999) .
Taste perception is also influenced by the global saliva proteolysis. A tendency of higher proteolysis, accompanied by a lower level of cystatin SN (an inhibitor of proteolysis) was demonstrated in subjects exhibiting a higher sensitivity to bitterness .
Gustatory function may be affected due to oxidative processes causing damage of taste receptors and cells. These impairments can be diminished by anti-oxidative enzymes, e.g. catalase, which takes part of the antioxidative defense system of the saliva. This system comprises various other components, such as peroxidase or superoxide dismutase (Nagler et al. 2002) . The level of the salivary total antioxidative capacity (TAC) has been linked to fat taste sensitivity (Mounayar et al. 2013; Mounayar et al. 2014; Poette et al. 2014) . Children expressing oral disorder and eating difficulties had a lower level of TAC (Morzel et al. 2015) . Others also observed a link between aroma release and level of TAC in saliva from obese subjects; the higher the TAC level, the lower the aroma release-which could explain a lower sensitivity to aroma in the obese population (Piombino et al. 2014) . It has been furthermore demonstrated that the catalase level is higher in saliva with a high level of TAC.
As described, gustatory function may be influenced by various salivary parameters and taste papillae density. The aim of this study was to investigate possible relations between taste perception of patients with diagnosed taste disorders and fungiform taste papillae density. In addition, we aimed to be analyze the influence of salivary flow rate and pH on taste perception. As a third aim possible effects of saliva composition should be addressed in this study, especially the concentration of caVI and catalase, the rate of global saliva proteolysis and TAC on gustatory function.
Material and methods
The present study was performed from October 2014 until August 2015 in the Interdisciplinary Smell and Taste Clinic at the TU Dresden. All investigations were conducted in accordance with the Guidelines for Biomedical Studies Involving Human Subjects (Helsinki Declaration). The study protocol was approved by the local ethics committee with written consent obtained from all participants prior to their inclusion (ethics protocol number EK320082014).
Participants
A total of 81 patients with taste disorders (39 males, 42 females) aged from 24 to 82 (mean age ± SD = 58 ± 13 years) participated in the study. Prior to inclusion in the study, gustatory function was screened via the validated "taste strips" and obtained results were compared to sex-and age-differentiated normative data (Landis 2009 ). To differentiate between normogeusia and hypogeusia/ageusia, the 10th percentile from subjects between 18 and 40 years was used (Landis 2009 ). To differentiate between hypogeusia and ageusia, we relied in the patients' history. In addition, the diagnosis of qualitative taste disorders such as salty or bitter or metallic taste disorder was based on patient's self-report.
Forty healthy volunteers were included (18 male, 22 female; aged from 21 to 78 years, mean age ± SD = 40 ± 17 years).
Exclusion criteria comprised conditions which could create temporary or permanent impairment of gustatory function like renal disorders or untreated hypothyroidism, or inflammations in the oral cavity or pharynx. All participants were asked to not smoke, eat, or drink anything other than water for at least 30 min prior to all tests.
Taste measurements

Taste sprays
Gustatory function was screened with suprathreshold tastants sprayed onto the tongue, so-called "taste sprays" which had to be identified as sweet, sour, salty, or bitter (Welge-Luessen et al. 2013 ). This test provided information whether the patient was able to recognize and differentiate different taste qualities (Hummel and Welge-Lüssen 2008) .
Taste strips
Taste function was furthermore assessed using the validated "taste strips", which are spoon-shaped filter papers that were impregnated with the 4 basic taste qualities (sweet, sour, salty, bitter) in the following concentrations: sweet: 0.4, 0.2, 0.1, 0.05 g/mL sucrose; sour: 0.3, 0.165, 0.09, 0.05 g/mL citric acid; salty: 0.25, 0.1, 0.04, 0.016 g/ mL sodium chloride; bitter: 0.006, 0.0024, 0.0009, 0.0004 g/mL quinine hydrochloride. The taste strips were placed on both sides of the anterior 1/3 of the protruded tongue in increasing concentrations. Then taste quality had to be identified from a list of 4 possible answers (sweet, sour, salty, and bitter) in a forced choice procedure. Taste qualities were presented in a random fashion including also the side of presentation (left/right). Before every new testing, participants were asked to rinse their mouth with tap water. The number of correctly identified tastes was summed up to a score for each taste quality as well as a general taste score (Landis et al. 2009 ).
Electrogustometry
In addition, the threshold for an electric induced taste stimulus was measured by means of an electrogustometer (RION TR-06 Toyo, Japan). The electric stimulus was applied with a monopolar electrode, which was placed on the tongue tip and behind the sulcus medianus linguae of both sides. Four regions of the tongue were measured by this method. A 500-ms stimulation was applied, beginning at -6 gustatory decibels (dBg) (4mA) up to 34 dBg (400 mA). A 2-alternative forced choice paradigm with increasing intensities combined with a staircase paradigm was performed (Zwisler 1998) . This means that 2 correct or 1 incorrect answers led to a decrease or increase of stimulus intensity, respectively, the so-called turning point. The threshold score was estimated as the mean of the last 4 turning points. According to the guidelines of the German Society for Olfactology and Gustology, threshold differences between left and right side greater than 7 dB were considered as abnormal (Arbeitsgemeinschaft OuG 1996) .
Olfactory function
In addition, orthonasal olfactory function was measured by means of the extended "Sniffin' Sticks" test (Hummel et al. 1997) which is based on odor-containing felt-tip pens. This test consists of 3 subtests: threshold, discrimination, and identification test. For each subtest, the pen's cap was removed and its felt-tip was presented about 2cm in front of both nostrils of the subject for about 3 s. The testing procedure began with the threshold part in a triple-forced choice paradigm where participants had to discriminate the odor (phenyl ethyl alcohol (PEA)) from 2 blanks (filled with solvent propylene glycol). Starting with the lowest PEA concentration, a staircase paradigm was used where 2 correct or 1 incorrect answer led to a decrease or increase of concentration, the so-called turning point. The resulting threshold score was the mean of the last 4 turning points in the staircase. The next subtest performed was the discrimination test, where 2 pens had the same odor while the other one had a different scent, which had to be identified. The last task was the identification test, where the subject was asked to choose the object that describes the odor the best using a 4-alternative-forced choice from flash cards that had both the picture and name of the object. The scores of the olfactory subtests were then summed up building the overall TDI score.
Quantification of the fungiforme papillae (fPap)
Indigotin (E132) was used to stain epithelia and taste pores (Indigotin, Wusitta food coloring, Sitzendorf, Germany). A filter paper strip delineating a tongue area of 0.79 cm 2 was placed in a paramedian position of the tongue tip and approximately 1.5 cm laterally at the edge of the tongue for quantification of the number of fPap. This area has been shown to be important for quantitative assessment of fPap density (Shahbake et al. 2005) . With the subject's mouth open and tongue extended, images were recorded using the macro lens (EF-S 18-135mm; 1:3.5-5.6IS) of a dedicated camera (Canon EOS 700D). According to the "Denver Papillae Protocol for Objective Analysis of Fungiform Papillae" (Nuessle et al. 2015) fPap were identified by means of their form, size, color and elevation and measured with the help of the imaging system ("Image J"). Morphologic examination and quantification of the fPap was performed in an unblinded fashion on a descriptive level.
Saliva collection and biochemical analysis
Stimulated saliva was collected by asking subjects to chew a piece of Parafilm® laboratory film (American National Can) during 5 min and to spit out saliva regularly . Salivary flow was calculated from the weight of saliva assuming that 1 g equals 1 mL. Immediately after collection, samples were stored at -80°C until biochemical analysis (Morzel et al. 2015) . Before biochemical analysis, saliva samples were defrosted and then centrifuged 30 min at 10 000 G (Poette et al. 2014) . Analyses were performed on the resulting supernatants. All enzyme activities were expressed in milli International Enzyme Activity Units (IU) per mL of saliva. One IU is defined as the amount of enzyme that catalyses the conversion of 1 µmol of substrate per minute.
Protein concentration
Protein concentration (mg/mL -) was measured with a Quick Start Bradford protein assay (Bio-Rad, France) with bovine serum albumin as the calibration standard.
Proteolysis
Proteolysis was determined using a Pierce Fluorescent Assay Kit (Pierce Biotechnology) following the manufacturer's instructions. This kit used a fluorescein-labelled casein substrate which emitted fluorescence upon proteolytic digestion (excitation at 494 nm/emission at 518 nm). Trypsin was used to establish a standard curve. Results were obtained as trypsin equivalent and converted into IU.
Carbonic anhydrase 6 (caVI) quantification caVI(=gustin) was quantified using Enzyme-Linked Immunosorbent Assay kits from USCN Life Science Inc. and Cusabio, respectively. The concentrations were obtained in ng/mL of saliva.
Catalase
Catalase activity was determined using a Catalase Fluorescent Activity Kit (Arbor Assay) by means of a fluorescent reaction coupled to horseradish peroxidase which permits following the rate of oxidation of hydrogen peroxide added to samples. Increasing levels of catalase in the samples caused a decrease in hydrogen peroxide concentration and a reduction in fluorescent product (excitation at 570 nm, emission at 590 nm). A bovine catalase standard was used to generate a standard curve. Results were expressed in terms of units of catalase activity per mL saliva.
Total antioxidant (TAC) status quantification TAC status was determined using an ORAC Assay kit (Zen-Bio). This assay used the free radicals initiator AAPH (2,2′-azobis-2-methyl-propanimidamide,dihydrochloride). Peroxyl radicals then oxidize fluoresceined with a consequent loss of fluorescence. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), a watersoluble vitamin E analogue, served as a standard to inhibit fluorescein decay in a dose dependent manner. Kinetics of the intensity of fluorescence was recorded at 37°C (excitation filter: 485 nm; emission filter: 538 nm) using a microplate fluorometer (Victor 3-V, PerkinElmer, France). The TAC of saliva was expressed as micromolar Trolox equivalents per mL. pH measurement pH measurement was performed by means of indicator paper (Rebasit; Dr.Welte Pharma). According the measured pH (5.2-7.4), the paper's color changed and could be rated in relation to an attached scale.
Beck depression inventory
Finally, the participants were asked to complete the Beck Depression Inventory (BDI) questionnaire, which is a widely used, standardized, and validated tool for assessment of depressive symptoms (Beck et al. 1961; Hautzinger et al. 1995) .
Statistical analysis
Statistics was analyzed using SPSS Version 21.0 (SPSS Inc.). For statistical analysis, study participants were divided into the groups: patients versus healthy controls and secondly patients were further divided into the subgroups: ageusia, hypogeusia, salty dysgeusia, bitter taste disorder, metallic taste disorder, and others (sweet, soapy, and sour taste disorder).
The relation of gustatory and olfactory measures and various other parameters (salivary flow, salivary pH, TAC, catalse, caVI, protein concentration, proteolysis, age, density of fPAP) was analyzed with the Pearson product-moment correlation coefficient. Salivary parameters were also compared via t tests for dependent measures. As these are non-independent tests, Bonferroni correction was applied to keep the global type I error at alpha = 0.05. Significance level was set at P < 0.05.
Results
In the current study, a total of 81 patients (39 male, 42 female) were enrolled; 36 of them were classified as suffering from quantitative taste disorders: ageusia (n = 19) and hypogeusia (n = 17); 45 from qualitative dysgeusia: salty taste disorder (n = 20), bitter taste perception (n = 10), metallic taste (n = 11), and others (n = 1 sour; n = 2 sweet; n = 1 soapy taste distortions). In addition, 40 healthy volunteers (22 female, 18 male) were included.
Taste and olfaction of patients compared to healthy individuals
As expected, taste test scores were significantly worse in patients compared to healthy controls (Table 1 ). In addition, there was a trend that patients had less fPAP compared to healthy controls (Table 2) . Also the BDI score differed between the 2 groups (Table 2) . A significant correlation could be demonstrated between the summed taste strip and electrogustometry scores. Looking at the patients affected by qualitative dysgeusia (bitter taste disorder vs. metallic taste disorder vs. salty dysgeusia) there were no significant differences between the detected electrogustometry, taste spray and taste strip scores among the taste disorder subgroups (P > 0.05). However, patients with salty-dysgeusia showed the lowest scores (taste sprays and taste strips) compared to those with bitter and metal taste disorders (Table 3) .
Differences of obtained scores in the various taste tests and the fPAP density was most prominent between patients suffering from ageusia and healthy controls. Furthermore there were significant differences between healthy controls and patients suffering from salty and metallic dysgeusia. Interestingly, patients with bitter taste disorder showed no significant difference of the scores obtained in the various taste tests compared to healthy controls (Table 4) .
Taste strip scores correlated negatively with electrogustometry scores (P < 0.001).
Olfaction of patients was significantly worse compared to healthy controls. This difference was especially considerable for patients suffering from ageusia (Table 5) . 24.9 ± 10.0 Fungiform taste papillae
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The number of fPap correlated negatively with the salivary flow rate (P < 0.001) and positively with the summed taste strip score (P = 0.006). No significant correlation was seen between the density of fPAP and neither the age (P = 0.23), nor electrogustometry scores (P > 0.05), nor salivary components such as 1) proteins in total (P = 0.47); 2) TAC(P = 0.27); 3) caVI (P = 0.44); 4) catalase (P = 0.40).
Salivary composition
Patients showed a higher salivary flow rate compared to the healthy subjects (P = 0.03) ( Table 2 ). In addition, the total protein concentration and the proteolysis in patients was higher compared to healthy participants. In addition, TAC in patients was significantly higher compared to healthy controls (P = 0.09) ( Table 2 ). The other investigated salivary parameters did not show significant differences between the 2 groups. When comparing results of saliva component concentration between healthy controls and taste disorder subgroups, significant TAC differences were found (Table 6 ). No significant differences between healthy controls and taste disorders were observed concerning pH of the tongue, salivary flow, proteolysis, caVI, and catalase values (Table 6) .
Salivary pH was correlated with the salivary flow rate (P = 0.016). Furthermore it was significantly correlated with the taste spray score (P = 0.041) and electrogustometry values of the posterior part of the tongue of the right (P = 0.038) and left side (P = 0.027). The summed taste strip score correlated negatively with the salivary flow rate (P = 0.008), proteolysis (P = 0.007), and positively with caVI (P = 0.002) and catalase values (0.003). The other biochemical parameters [TAC (P = 0.33) and proteins in total (P = 0.60)] did not show any significant correlation with the taste strip score.
BDI
Significant differences were found in the BDI score between healthy controls and patients with taste disorders. These differences were most pronounced in patients suffering from ageusia and qualitative taste disorders. Patients with hypogeusia showed no significant difference compared to healthy controls.
Discussion
The primary aim of this study was to highlight possible influences of the fPAP density on taste perception. Furthermore, relations between the number of fPap with salivary components (salivary flow, caVI, TAC, catalase, proteolysis) were investigated, and differences of the various taste tests, olfaction, fPap density, and salivary parameters between patients and healthy controls were evaluated.
This study could demonstrate that the taste strip scores correlated negatively with the results obtained via electrogustometry. This finding is in accordance to a study with 39 healthy participants (Berling et al. 2011) . As expected taste score values of patients were significantly lower compared to the control group (Table 1) . Electrogustometry scores of the anterior part of the tongue were lower compared to those of the posterior part of the tongue in both patients and healthy subjects (Table 1) . These results are in line with findings of Doty et al. on 33 healthy subjects (Doty et al. 2016 ) (see also Nordin 2007) .
Looking at the taste disorder subgroups, the present study found that patients with salty taste dysgeusia obtained lower scores in the various taste tests compared to other taste disorders (Table 3) . Catalase/mg Prot Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Mean ± SD P-value Olfactory scores were significantly lower in patients with taste disorders compared to healthy individuals (Table 5) . This difference was especially pronounced for patients with ageusia. This finding is in line with previous research on the mutual interactions of the chemosensory senses: patients with olfactory disorders also exhibit a decreased gustatory function (Hummel et al. 2001; Pribitkin et al. 2003; Gudziol et al 2007; Landis et al. 2010 ) (but see also Stinton et al. 2010 ).
The present study could strengthen the findings of previous studies which reported that the number of taste papillae correlates positively with taste sensitivity (Smith 1971; Miller and Reedy 1990; Zuniga et al. 1993; Bartoshuk et al. 1994; Doty et al. 2001; Just et al. 2006) . In accordance with these findings, we observed a trend that patients have less fPap compared to healthy controls. However, the number of taste papillae do not necessarily correlate with taste perception, as it was shown by Delwiche et al. for bitter taste perception for 6-n-propyl-2-thiouracil (PROP) (Delwiche et al. 2001 ). They could demonstrate, that taste buds in certain subjects, that are insensitive to PROP, seem to be lacking critical taste components and thus bitter taste perception in these subjects is limited. Genick et al. (2011) found no association between gustin gene polymorphisms and PROP bitterness or fPAP density.
Other studies could show that "supertasters" for PROP and PTC (phenylthiocarbamide) have a high density of fPAP (Bartoshuk et al. 1994; Calò et al. 2011) . Differences in fPAP density are suggested to be associated with caVI genes polymorphism across PROP phenotypic groups (Calo et al. 2011; Barbarossa et al. 2015) .
The present study could, in addition, show a significant correlation between the salivary flow rate and the fPap density. In accordance with other research, we did not observe a significant correlation between the number of fPap and the age of subjects (KullaaMikkonen et al. 1987) .
The total taste strip score correlated with the salivary flow rate and the following saliva components: proteolysis, caVI, and catalase values. This strengthens the idea, that taste perception is a complex mechanism and can be disturbed by alterations in salivary flow (Matsuo et al. 1997) or the chemical composition of saliva (Field et al. 1997) .
We found significant correlations between the taste scores of both patients and healthy subjects and the salivary flow rate. This is not surprising as saliva is not only important as a medium to dissolve non-volatile flavors but also to take part in the maintenance of taste papillae and taste-sensing cells (Foster et al. 2011; Fabian et al. 2015) . Furthermore saliva contains taste-perception related mediators the concentration of which change when salivary flow rate changes because of a dilution effect. It could be shown, that with an increased salivary flow rate also electrolytes such as Na+ increase. These changes have been shown to alter taste perception (O'Mahony et al. 1982; Delwiche et al. 1996; Lugaz et al. 2005) . Similarly, bitter taste sensitivity has been demonstrated to correlate with unstimulated salivary flow rate (Marquezin et al. 2016) . Interestingly, in the present study the salivary flow rate was found to be significantly higher in patients compared to healthy participants (Table 2) . In accordance to these findings, Heinzerling et al. demonstrated a decreased taste perception (for sour and salty taste) with increasing salivary flow rate (Heinzerling et al. 2011 ). In contrast to these results, studies with rats that investigated stimulation of the chorda tympani, showed that after resection of the major salivary glands, the chorda tympani responses to taste stimuli declined (Catalanotto and Sweeney 1973; Matsuo et al. 1997) . In accordance to this it was shown, that taste sensitivity in Sjoegren syndrome patients was decreased, who suffer from a decreased salivary flow (Weiffenbach et al. 1995) . However, other research could not see any significant effect of salivary flow on taste perception of sourness, sweetness, or fruitiness (Bonnans and Noble 1995) . Neither salivary flow rate was found to affect taste perception in 73 oropharyngeal cancer patients before and after radiochemotherapy. It needs to be kept in mind though, that in their study taste function was evaluated only by means of questionnaires and not with psychophysical methods (Sapir et al. 2016) . Thus it appears as if various causes of gustatory loss may be accompanied by increased, decreased, or unchanged salivary flow rates. Hence, salivary composition seems to participate in taste function. To further clarify the role of saliva in taste function additional studies with a higher study, population are needed that focus on various subtypes of patients with taste disorders.
Measuring the total protein concentration we observed that patients exhibit a higher protein concentration compared to controls (Table 2) . Research suggests that an increase of the total protein concentration might lead to changes in oral chemosensory perception (Nagler and Hershkovich 2004) . It has been demonstrated, that salivary proteins are likely to improve availability of lipophilic polyphenol tastants for taste cells and hereby increase taste perception (Fabian et al. 2015) .
Analyzing the other saliva components, it was found, that caVI concentration was not significantly different between patients and controls. However, there was a significant correlation between the caVI concentration and taste scores. This is in accordance to other working groups, who reported a lower caVI concentration in subjects with reduced taste and smell function (Shatzman and Henkin 1981; ). The enzymatic function of caVI is depend on the presence of zinc at the active site (Henkin et al. 1988) , which has been shown to increase caVI concentration in hypogeusic subjects (Shatzman et al. 1981 ) and regulates taste function in cAVI deficient subjects . CaVI is especially involved in PROP (Calo et al. 2011) . CaVI gene polymorphism is furthermore suggested to influence zinc ion binding and fPAP density, development, and maintenance and thus affect PROP sensitivity (Padiglia et al. 2010 , Melis et al. 2013 .
A further important function of the saliva is the TAC. Antioxidants protect cells against free radicals (Bakhtiari et al. 2011) , which are involved in several diseases including cancer. In this study, TAC was found to be significantly higher in patients compared to healthy participants, which supports the idea of a systemic antioxidant response in subjects with taste disorders. These findings are in accordance with results in caries patients, where TAC in patient's saliva was elevated compared to a healthy control group (AhmadiMotamayel et al. 2013 ). In addition, it was demonstrated, that the salivary TAC of obese subjects is higher compared to non-obese subjects (Piombino et al. 2014) . One could suggest that this antioxidant response could influence the perception of substances sensitive to oxidation, but in the present study there was no significant correlation between the TAC and taste scores or number of fPAP.
Also the salivary pH is important for the perception of gustatory stimuli. It is supposed to be interacting with the salivary flow rate and to be especially important for sour (Norris et al. 1984; Christensen et al. 1987; Lugaz et al. 2005 ) and sweet taste perception (Matsuo and Yamamoto 1992) . In accordance to this, a significant correlation was seen between the salivary pH and flow rate in the present study. Furthermore, there was a significant correlation between the electrogustometry scores/taste sprays and the salivary pH. In addition, a negative correlation was found between the salivary flow rate and taste scores respectively fPap density.
The present study could furthermore emphasize that taste dysfunctions also affect the psyche of patients (NIDCD 2009), as there was a correlation between the taste score and the BDI, a parameter for depressive symptoms (Beck et al. 1961 ).
Conclusion
The density of fungiform papillae in patients with taste disorders seems to be associated with taste perception. Furthermore, patients with taste disorders show significant differences in saliva composition compared to healthy subjects indicating that assessment of saliva is of high importance in research on taste dysfunction.
